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" This invention relates to electron discharge de-
vices having g plurality of cavity resonators, and
more particularly to those for generating oscil-
lations of short wave length.

One of the objects of the present invention is
to provide a device of the type referred to which
shall have an improved symmetrical coupling for
all of the cavity resonators, by which the ratio
of energy actually delivered, to that generated by
the device, is materially increased.

The above object and such other aims and cb-
jects of the present invention as may hereinafter
appear will be best understood from the follow-
ing description, taken in connection with the
accompanying drawings of several embodiments
of the invention herein presented for illustrative
purposes.

In the drawings:

Fig. 1 is a central, longitudinal section of an
electron discharge device, as viewed along line
{—1{ of Fig. 3, incorporating one illustrative em-
bodiment of the invention; :
~ Fig. 2 is a partial, longitudinal section of an
electron discharge device incorporating g sec-
ond illustrative embodiment of the present in-
vention;

Fig. 3 is a horizontal cross-section on line 3—3
of Fig. 1;

Fig. 4 is a perspective view showing the energy
transferring means of the output coupling and
how it cooperates with the resonant cavities;

Fig. 5 is g partial longitudinal section of an
electron discharge device incorporating a third
illustrative embodiment of the present invention;

Figs. 6 and 7 are schematic diagrams of equiva-
lent circuits of the electron discharge device;

Fig. 8 is a sketch of the embodiment shown in
Fig. 5 for the purpose of mathematical calcula-
tions utilized to determine the electrical connec~
tions of the electron discharge device;

Fig, 9 is an equivalent circuit of the sketch
shown'in Fig. 8; and

Fig. 10 is a view along the axis of the electron
discharge device illustrated in Fig. 8 showing the
relative disposition of the prongs of the energy-
transferring means for purposes of mathematical
calculations.

The invention is herein illustratively shown
and described in its application to that type of
electron discharge device known as a magnetron.

Referring now to Fig. 1, there is shown a cylin-
drical member {0 having soldered to its inner
surface a plurality of suitably spaced, radially
disposed anode arms 1, the inner edge surfaces
of which constitute anode faces 12. Said cylin-
drical member and anode arms are preferably
made of copper and said anode surfaces are dis-
posed substantially parallel fo an electron-emis-
sive cathode 13. . For example, said cathode may
be a slotted tungsten cylinder suitably supported
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axially of said anode surfaces. Each pair of said
ancde arms i, with the intervening portion of
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said cylindrical member 18, constitutes a cavity
resonator {4, see Fig. 3.

The cylindrical member 18 is hermetically
sealed at both ends, thus forming a hermetically
sealed envelope or enclosure. In the illustrative
embodiment of Fig. 1, g disc member {5 and
vitreous member {& are used to complete the
aforementioned envelope. The member {5, pref-
erably construcied of copper, is suitably aper-
tured, as at {8, to receive, as hy soldering, a tubu-
lar member iT, or the disc i5 and tubular mem-
ber i7 may be constructed as a unitary member.

Concentrically disposed within said cylindrieal
member are a pair of pole pieces 19-—20. Said
pole pieces are partially cylindrical and partially
the frustum of a cone. The smaller of the two
parallel areas of said frustum serves to concen~
trate any magnetic field present between said
pole pieces. The pole piece 1§ is disposed within
that portion of the envelope providing ingress for
a cathode lead-in and supporting member 2!.
Both of the pole pieces are provided, respective-
ly, with bores 22-—23, the bore 22 being in regis-
ter with the aperture !8. The other pole piece
20 is disposed within an electrically conductive
member in the form of a cylindrical cap 28. Said
cap is preferably made of copper, the open end
being disposed in slots {{A provided in alternate
anode arms if. Integral with the flat portion
25 of said cap is the open end of an electrically
conductive tubular member 25, preferably. made
of copper. The opposite open end of said tubu-
lar member is hermetically sealed along its edge
in an aperture 27 in the vitreous member 186, the
particular arrangement just described being
adapted to receive an inner conductor 28 of a
coaxial transmission line comprising said inner
conductor 28 and an outer conductor 29. Inter-
mediate said outer conductor 28 and the enve-
lope 18 is g tubular member 38. This tubular
member is adjusted so that, between points A
and B, the distance is equal to a half wavelength
of the operating frequency of the electron dis-
charge device. When so adjusted it serves in
the capacity of a radio frequency choke in g man-
ner well known to those skilled in the art to which
it pertains.

If the above-described device be energized and
a longitudinal field be excited within the deviee
by suitable means, as for example by supplying
said pole pieces 19—20 with a magnetic field
from an external magnet, oscillations will be
generated in the cavity resonators {4 which may
be led out of the device to g suitable utilizing
circuit by means of the novel coupling device
Jjust described, comprising the cap 24 and tubu-
lar member 28§.

In operation, the polarity of the anode arms
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{1 is constantly shifting, alternate arms being
always of the opposite polarity to that of the
intervening arms. By its connection with the
alternate arms, the coupling cap 24 transfers the
energy of said aliernate arms to the tubular mem-
ber 78 and thence to the inner conductor 28,
while that from the intervening anode arms is
transferred through the envelope {0, the tubular
member 38 to the outer conductor 28. Since said
conductors 28 and 28 form the inner and outer
conductors, respectively, of a coaxial line, the
energy collected by said coupling cap 24 is caused
to flow out due to the difference of potential of
said two conductors.

Fig. 2 is an alternative embodiment adapted
for connection to a wave guide system. In this
particular embodiment, the cap 24 is surmounted
by a dome-shaped cap 3f which may serve as an
exciting probe for a wave guide in a manner
familiar to those versed in the art. A vitreous
member also formed in the shape of a dome 32
serves to hermetically seal the upper portion of
the cylindrical member 6. The above-described
embodiment of the present invention is adapted
to be directly inserted in a wave guide section of
a wave guide system and when properly ener-
gized, as hereinbefore described, will propagate
such energy through said wave guide system.

Fig. 3 is a cross-sectional view taken along line
3—3 of Fig. 1 and clearly details the relative posi-
tion of the cap 24 with respect to the anode arms
1. It also illustrates the manner in which said
cap 24 is attached to the alternate ancde arms
(I by means of the slots {{A. A pair of elec-

trically conductive straps 32—33 are connected, ¢

respectively, to the alternate and intervening
anode arms to arrest the generation of spurious
oscillations.

Fig. 4 is a prspective view of the invention
wherein, for the sake of clarity, only a portion of
the anode arms i are shown, together with a
fragmentary view of the cap 24 and the tubu-
lar member 26 surmounting same. Here is clear-
ly indicated the manner in which the cap 24 is
disposed in the slots {1A provided in the alter-
nate anode arms 1. A second pair of electrical-
ly conductive straps 34—35, substantially identi-
cal with straps 32 and 33, are connected, re-
spectively to alternate and intervening anode
arms.

Fig. 5 represents a third embodiment of the
present invention. Whereas, the first and sec-
ond embodiments were adapted to magnetrons,
for example which employ twenty anode arms or
less, it is necessary in the case of magnetrons
employing more than twenty anode arms that
the coupling cap 24, Figs. 1 and 2, be sinaller in
its diametrical dimensions as the number of
anode arms employed are increased beyond, for
example, twenty arms. How the proper dimen-
sions are arrived at will be discussed in connec-
tion with Figs. 6,7, 8, 9, and 10.

In this third embodiment, the reduction of the
diametrical proportions of the coupling cap makes
its necessary to alter the type of pole piece used.
It was found necessary to provide a pole piece 40
and a coupling cap 41 of the type illustrated. It
will be appreciated that as the coupling cap di-
mensions were made smaller its was no longer
possible to dispose the pole piece within said cou-
pling cap because the gap between said pole piece
and the external magnetizing means, not shown,
would increase the reluctance path considerably.
As a result of such increase in reluctance, the
external magnetizing means would begin to as-
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sume proportions which would be bulky and un-
economical.

To overcome the aforesaid obstacles, the pole
piece 40 was provided with a plurality of aper-
tures 42 and the coupling cap 41 with an equal
number of prongs 43 of suitable dimensions to
enable them to pass freely, and without touching,
through the apertures 42, the ends of said prongs
being connected to the ancde arms 1l within
slots 44 provided therein. The pole piece 40 was
made in the form of a thick shallow dish with an
aperture 45 in the bottom thereof, said aperture
being in register with the opening formed by the
inner edges 46 of the anode arms {I. The aper-
ture 45 permits one end of the cathode structure,
see Fig. 1 to extend therethrough. The upper
edge 47 of said pole piece is soldered within the
cylindrical member [0, said member having a
substantially thinner wall section 48 at this point
of connection.

By providing a thin wall section at this point,
the reluctance path, between the pole piece edge
41 and an external pole piece ring 49, is kept to a
minimum, when suitable magnetizing means are
attached to said pole piece ring 49.

For best results, the dimensions of the cou-
pling cap should be such that the energy stored
per cycle in the magnetron will have a certain
ratio to the power dissipated in a matched load.
This ratio will be designated hereinafter as the
Qe of an axial output electron discharge device
of the type hereinbefore described.

Figs. 6 and 7 illustrate schematically the equiv-
alent circuit of the ahove-described electron-dis-
charge device in which Cr and Lr represent, re-
spectively, the total capacity and inducance asso-
ciated with said device, while Err represents the
total radio frequency voltage across the afore-
mentioned CrLr combination. Rt is the total
resistance or external load which will give the
desired Qe when connected in parallel with said
Lr. Qg is determined by the following equation

2
RF

_olr_Rr
VB,
Ry

In the above equation w is 2 times the frequency
of the proper mode.

If, for example, a Qe of the order of 200 is de-
sired, in- a magnetron employing twenty anode
arms or less, Rt becomes greater than 500 ohms,
and it is therefore, not convenient to connect the
load across Err. However, it is practical to con-
nect the load across a fraction of said Err as il-
lustrated in Fig. 7.

Now, in order to maintain the desired Qg, the
power delivered to the load must be the same as
before, or

B En
Rr R
This may be written
Ly _Lt
Ry R:
or
Rr_ LR,
Ly L%
Therefore
LRy
QE= wL?

Knowing Qe it now remains to determine R: and’
L1 as will be presently described.
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Fig. 8 is a sketch of an axial output device of
the type herein described, the left-hand view,
with respect to the drawing, being a transverse
cross-section  looking along the axis ¢ of the
right-hand view from right to left, said right-
hand view being a longitudinal ecross-section
taken along line X—-X of the left~-hand view,
while Fig. 9 represents an equivalent circuit of
the sketch in Fig. 8..- With reference to Fig. 8,
v, 71, I and 11, said dimensions are in inches.
- The impedance Ri, PFig. 9, at the terminals
C—D will be the characteristic impedance of the
coaxial line at points C—D in Fig. 8. The con-
nection for C—D to A—B is made by a plurality
of prongs 43 which pass through apertures in the
pole piece shown in Fig. 5. The pole piece is not
taken into account in any of the calculations
above or any to be described presently. Ri trans-
formed through the section of line between C—D
and A—B becomes the R: needed to determine
QE.

The method used to determine the character-
istic impedance, designated herein as Zo, of the
section C—D to A—B is as follows. )

_Assuming three prongs 43 were used to con-
nect C—D to A—B, the transmission line will
appear as illustrated in PFig. 10 when viewed
along its axis. Therefore

Zy=60 log ID)': ohms

where Dm is the geometric mean distance be-
tween all points on the outer conductor 58 and
all points on the inner conductor 5{ which, in
the case of one conductor completely enclosing
the other, is the radlus ro of the outer conductor,
or Dm eguals 7o. 'Ds is the geometric mean dis-
tance between all the points on the inner con-
ductor, or the self-geomefric mean distance.
The so-called self-geometric mean distance of a
circle is its radius. 'The expression for Ds is

D, ="/ a2 X b X 2 X1 3

If
D, =Yabr 2

‘where @, b, and ¢ are, respectlvely the distances
between the centers of the prongs 43, n being
equal to the number of prongs and rp the size of
the prongs, said size being as small as possible,
commensurate with the amount of power the
prongs are to carry, in order to minimize the size
of the apertures in the pole piece.

In the case of the first embodiment, wherein
the coupling cap 24 was entirely cylindrical, the
calculations for determining Ds would be based
on the number of anode arms contacted by said
cap, each contact being considered a prong.
Therefore, for n number of prongs equally
spaced on the circumference of a circle of ra-

dius R
n?
D3=\/ n—1 n{n—1)
(B Va)" "™ (rm)

Using Rr as a terminating impedance for a
coaxial line of characteristic impedance Zo and
length i, the value of R: is found by ordinary
long line transmission theory. I. is calculated
as follows:

- 30,480 (ry— Tz)[<N(7’b+7‘z)—t>:|}
N

a=b=c

H_Tb*—?‘z
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where 30,480 is a numerical constant that pro-
vides a practical unit (gxh.), N is the number of
anode arms, ¢ is the thickness of said anode
arms and the other symbols m, n1 and [ are di-
mensional values as indicated in Fig. 8. A value
of 1 can now be chosen and I, and Ri deter-
mined, which will yield Qr; 71 may now be ad-
justed to produce the desired Qz, remembering
that as 71 increases, Qe increases.

As a result of the simple and compact struc-
ture herein described, the invention provides
novel means for transferring energy from each
resonant cavity, or any desired number of reso-
nant cavities, without the complicated structure
and planning such an arrangement would en-
tail if one were to utilize such means as nalrpm
type probes and the like. .

The embodiments of the present invention
which have been illustrated and described have
been selected for the purpose of setting forth
the principles involved. It will be obvious, how-
ever, that the invention may be modified to meet
various conditions which may be met with in dif-
ferent specific uses and it is, therefore, intended
to cover by the appended claims all such modi-
fications which fall within the spirit and scope
of this invention.

" 'What is claimed is:

1. An electron discharge device comprising: a
cathode; an anode structure spaced from said
cathode and provided with a plurality of cavity
resonators; a first conductor connected to. said
anode structure and constituting one of the con-
ductors of a transmission line; a conductive cap
connected to one of said cavity resonators in a
region of relatively low radio-frequency voltage;
and a second conduector electrically connected to
said cap said second conductor constituting the
other conductor of said transmission line.

2. An electron discharge device comprising: a
cathode; an anode structure spaced from said
cathode and provided with less than a critical
number of cavity resonators; a first conductor
connected to said anode structure and consti-
tuting one of the conductors.of a transmission
line; a conductive cap connected to one of said
cavity resonators in a region of relatively low
radio-frequency voltage; and a second conduc-
tor electrically connected to said cap said second
conductor constituting the other conductor of
said transmission line.

3. An electron discharge device comprising: an
electrically conductive envelope; said envelope
constituting the outer conductor of a transmis-
sion line; a cathode mounted within said en-
velope; a plurality of anode arms extending in-
wardly from said envelope and surrounding said
cathode; each pair of adjoining anode arms, to-
gether with that portion of said envelope there-~
between, constituting a cavity resonator; an
electrically conductive cap, the open end of
which is connected to that portion of the alter-
nate anode arms adjacent said envelope; and
an electrically conductive tubular member con-
nected exteriorly to the closed end of said cap
and constituting the inner conductor of said
transmission line.

4. An electron discharge device comprising:
an electrically conductive envelope; said envelope
constituting the outer conductor of a transmis-
sion line; a cathode mounted within said en-
velope; a plurality of anode arms extending in-
wardly from said envelope and surrounding said
cathode; each pair of adjoining anode arms, to-
gether with that portion of said envelope there-
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betweéni, constituting a cavity resonator; an
electrically conductive cap, the open end of which
is connected to that portion of the alternate
anode arms adjacent said envelope; an electri-
cally conductive tubular member connected ex-
teriorly to the closed end of said cap and con-
stituting the inner conductor of said transmis-
sion line; and a pair of pole pieces, the field of
which extends longitudinally of said envelope,
one of said pole pieces being disposed within said
electrically conductive cap and the other oppo-
sitely disposed, with respect to said first-namea
pole piece, within said envelope.

5. An electron discharge device adapted to be
connected to a load having a predetermined
resistive impedance comprising: an electrically
conductive envelope; a conductor connected to
said envelope and constituting the outer conduc-
tor of a transmission line; a cathode mounted
within said envelope; a plurality of anode arms
extending inwardly from said envelope and sur-
rounding said cathode; each pair of adjoining
anode arms, together with that portion of said
envelope therebetween, constituting a cavity
resonator; and an elecirically conductive mem-
ber, the open end of which is connected to a
point on one of said anode arms, the distance
between said point of connection and the axis

of said envelope having a predetermined value

satisfying the equation
LrR,

200= ol?

where

Ri=the value of the resistive component of the
impedance looking into the transmission line
when said load is connected to said device,

Lr=total equivalent inductance of a cavity reso-
nator,

w=2r times the frequency,

15’240|_ (ro—r1) [Kﬂ; (ry+77) —t]
N Ts—T1
L

where in the equation for L1

o

L=

N=the number of anode arms,

10

40

8

rs=the radius of the envelope with respect to its
axis,

ri=the distance between the electrically conduc-
tive member and the axis of said envelope,

I=the length of the anode arms parallel with the
axis of said envelope, and

t=the thickness of the anode arms, said elec-
trically conductive member constituting the
other conductor of said transmission line.

6. An electron discharge device comprising:
a cathode; an anode structure, spaced from said
cathode, and incorporating a cavity resonator;
a transmission line including a pair of conduc-
tors electrically connected to spaced points on
said cavity resonator; and a pair of pole pieces
disposed adjacent said anode structure at op-
posite ends of said cavity resonator; one of said
pole pieces being supported by one of the con-
ductors of said transmission line,

7. An electron discharge device comprising: a
cathode; an anode structure, spaced from said
cathode, and incorporating a cavity resonator;
a transmission line including inner and oufer
conductors; said outer conductor being electri-
cally connected to the exterior surface of said
anode structure, and said inner conductor being
provided with a coupling member electrically
connected to a point on said cavity resonator;
and a pair of pole pieces disposed adjacent said
anode structure at opposite ends of said cavity
resonator; one of said pole pieces being supported
within the coupling member of the inner con-
ductor of said transmission line.

WILLIAM C. BROWN,
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